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TYPE OF ENGINE,TG EMPLOY, *

By M, Hamel.

The engine of a commerclal airplane must, above all, be sure

and durable. It seems therefore that we must use engines wi*h

vevt*cal eylinders or in the V form with cuibe a small angle, The

types which snould, in our oplnlon, be glven the preference, are,
ac@ordlngetp the power requzred,.either the eight-cylinder verti-
cal or tne sixteenQGylinder V-engine with reduction gear.

The reduction gear is considered essential, because the ro-
tational speed of engines now in use is lowered by the necessit’
of imparting a high degree of efficiency to the propeller, A re-~
Zuction gesr giving the propeller the proper speed and the engine
a high rotatione™ speed, would enable arﬁincrease in weight, prc-

vided the ratio is large enough (at least 2), We may yet see a

propeller revolving at 1000 r,p.m. driven by an engine rotating at

3000 T.p.m. As to the durability of such an engine, automobile
engines have been run for ten vears witn a stroke of 180 mm and a
speed of 2800 T,.p.m. Such an engine can be made lighter than a

slow engine of the same power, Another advantage is that, the

stroke-volume being small, the cylinders fill better and the ratic

of bore to stroke can be improved without exceeding suitable pis-

ton speeds. The fuel consumption will also be reduced, which is

“important from the commercial point of view.

The number of engines on large commercial airpianes ghould

not be less than four, in order to provide for sufficient pow=a~.

* From Premier Congres International de la Navigation Aérienne,
Paris, November, 1921 Vol. II, pp. 58-861l.
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in @se one of them should faii, In our opinion, six should be

- the maximun pumber; under present conditions, in order to avoid

excessive complidation of the power trancmission, Assuming a uni®

power of GO0 HP, this would give us & total of 3600 HP, Installa

tion of engines in the cells must be absolutely prohibited, by

reason of the considerable loss of power entailed. For exampie,

take a twin-engine 400 HP airplane flying at 145 km (90 miles) pe-

hour. The resisting surface of each engine is about two-thirds
of a square meter, The resistance will be K S v® or (0.08 x
) x 2 = 138,98 kg which, at a cpeed cf 40 m/sec, rex-
resents work of T =R x V = 168,96 x 40 = 8,758 kg/m/sec, or
9C HP or 28% of the total power.

This arrangement has, moreover, the defect of fatiguing the
cells at the points where the engines arc attacked, in case of a
hard landing. 4n interesting solution of this problem is found
in the four-engine Breguet., For higher powers, we corsider 1%
necessary to have gore than one propeller. Fig. 1 represents two
propellers driven by four engines, the power being transmitted
through bevel gears located within the wing, an arrangeménj me.de
rossible by new methods of construction.

We consider it very importdnt to fly at a high altitude for
the sake of the gain in speed, whid considerably reduces the
cost of the trips. It is accordihgiy nécessary to employ engirze
whose power is indevendsnt of variations in altitude aﬁd conge~
myently to install compressors, which may be either indemendent

or driven by the exhaust gases (Rateau).
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It then becomes véry difficult *o utilize.this motive power,

Since the propallerbis.mpY?Pg,%Qmay;ars;mmedium,” 4+ is necessary
Mﬂ£;w£;;féééé;”by some artificial device,‘the apprarent power of thg

propeller, as the altitude increa?es. For this purpose, the use
of propellers of variable pltch or diameter has been ﬁroposed, Do
we.think these methods should be rejected for the present, on -
count of the difficulties involved, In our opinion, it would be
better to use a reauction gear with several ratios, i.e. 10 give
an airplane the speed changes of an automnbile, After calculat-
ing our propeller for flight at & given altitude, - as an automo-
bile is calculated for direct drive on level ground -~ Wwe can Te-
duce the revolution speed, as the air becomes denser, the same as
the speed of an automobile is reduced, when the resistance in-
creases, In this way, airplane and propeller are alvays kept in
accord, since the forward speed of the airplane is proportional
to the revolution speed of the propeller, since the power absorb-
ed by tne airﬁlane varies as the cube of its speed and since the
rower avbsorbed by the propeller likewise varies as the cube of
its revolution sreed.

Let us take an example from Eiffel's works., An airplane ...
the following characteristics: | ‘

P 360 HP; V, 160 km/hr; N, 1500 r,p.nm.

m)
Assuming that & coupressor maintains a constant power up to 5800
meters, the apperent power for which the propeller must be compul-*
ed will e .
So .
Py x 3 = 360 x 1.87 = 437 HP.




An airplane, which previously’ flew 160 km per hour, will the:’

acluire a speed of T
' 3

” 437

. . : »‘.;f
or about 200 km/hr, or a gain of 20%.

The prOpeiler must then answer the following conditioms:

V = 2300 km/hr, P = 437 HP, N = 1500 r.p.m,

]

It is quite evident that we cannot take off with +this propel
ler, if the ratio of its r.p,m. to that of the engine remain con-
stant, but if, by a change of the gear, wé reduce it to 1350 r.c.uw
we have: .

V = 166 km/hr, Py = 350 HP, ®§ = 1250 T.p.m.

In both these caées the ratio V/nD Temains the same and the pro- |
peller is ccnseqQuently well adapted,

Let ue now assume that we have succeeded in keeping the engin
rower constant up to 10,000 meters. The apparent power then be-

comes

B, = So

The speed of the airplane will then be:

. 3
160 / I82 - 240 km/nr.

260"
or a gain of 50%.
The propeller becomes
V = 340 km/hzr, -Pm = 785 HP, N = 1875 r.p.m. ‘ *

Thus the oost of a trip can be consideratly reduced, in that



it can be made in.less.timé, and also by reason.of the increaced
ca;rylng capacity due to the considerable reduction in the quarsi-
of fuel: carried:” R

It can be readily understood that,'if the gear wheels aTe
arranged as shown in Fig. 3, the engine shaft drives the propeller
by means of the satellites and their speed ratio will be determin-
éd by the ratio of the trains C/F and F'/D', If, on the contrary
C comes ineside the internal gear D, +he other two shafts will
rotate at the same spead,

It is therefore obvious that, with a given airplane, we can
obtain an appreciable improvement in efficiency, by flying at highu
altitudes with the combined use of a compressor and a speed chang- '
er, the additional weight being largely offset by the saving in
fuel effected. The efficiency of the engine would likewilse be
improved, since it would not be compelled to drive a propeller at
too low a speed,

We re Ted, in the first paragraph, to l16-cylinder V-engine:
This type apwears very important tp us, because it has enough cvl-
inders to give suificlent power, while retaining the dimensions oy
normal cylinders. A 100/180 could give 600 HP at 3000 r.p.m., the
resulting reduction in weight then Eeing very advantageous, The
angle of the V would be 45°t -The cylinders would thus be under
excellent functioning conditions, particularly as regarde lubrica-
tion, The propeller drive should be in the center of the engine,
so that the torque would be similar to that of a crankshaft with

only four cranks,
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The fuel consumption of such an engine would be nearly the
zare as that of an automobile engine, eince conditioas would be
somewnat similar., We should bear in mind, however, that while in
aviation 330 grams is ccnsumed per HP/hir, an automobile consumes
a}zgdgrams, This difference, for 1000 HP and 10 hours of flight,
amounts to at least 500 kg of fuel, which is worth saving.

e also believe it would be worth while to build, for small-
wowered commercial éirplanes or touring airplanes, an engine with
sig or eight vertical cylinderé, with cam shaft on top, this
shaft serving at the same +time as a propeller drive, as is alreac
the case in certain Renault engines,

This small engine could run at 3000 r.p.m., the propeller
making 1500, which is suitable fof a propeller of small diameter,
Such an engine would have an extremely small cross-section and
would be capable of giving excellent service.

We think the radial construction should be abandoned, The
rotary engine, excellent from certain points of view,; has the
disadvantage, for -commercial aviation, of a high fuel consumption
and necessitates extremely careful cons%zuction and upkeep, by
reason of the stresses whish ite very principle compels the parts
to undergo., As %o the fized radial, it can only be kept in equi-
librium as & double radial, which leads to a very great compiica—
tion in the valve control and water circulation. The lubricatic
is likewise more difficult and necessitaies a complex system of

tubee and a relative solidity, For small powers, however, where
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e can em»loy air cooliang and é small cross-gsection, this engine
may he used, but we think an engine with cylinderé in o row are
wush preferable, although'weighing more,

‘ In an aircraft éngine; ‘too much impurtance should not be at-
tached to the "dry" welght, but that, on the contrary, we should
nob hesitate to adopt devices, slight increasing this weight, if
thevy conducs fo surer and ﬁore écdnomical flight, in order that
the airplape may uitimately compete successfully, in the commer-
cizl field, with other Meané'of locomotion and thus lead the

whole world to the pacific. conquest of the air,

Translated by the National Adﬁiéory Conmmittee for Aeronautics.
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